Environ. Entomol. 11: 193-199 (1982) Thirty-five insecticides used on rice in Asia were tested in the fi~ld a~a!n~t Nil~-parvata lugens. The most important predators of the pest, Cyrthorhmus livldlpenms, Microvelia atrolineata, and predac~ous s~iders, Lycosa pseu~oann'fl~ta,~etr.aBnatha and Araneus species, were also momtored in the test plots. Ten msectlcldes slgmfl~antly reduced numbers of N. lugens, but propoxur and ethylan gave the most co,?slstent and effective control. Most insecticides did not significantly reduce populatIOns of spiders and M. atrolineata compared with untreated checks, but they did redl;1ce numbers of C. lividipennis. Fifteen treatments caused resu.rgence of N. lugens, resultmg in significantly higher numbers in the treated plots than m untreated checks. Resurgence was apparently not caused by the toxicity of the materials against predators. Eleven of the insecticides had no effect on N. lugens. Insecticides were compared in five consecutive trials conducted from 1979 through 1980. The transplanting dates oftests 1 through 5 were, respectively:
broadcast 25 to 30 days after transplanting (DT) (16.5 kg/ha) and at panicle initiation (26 kglha). The plots (5 by 9 m) were arranged in a randomized complete block design with four replications. Plots were separated by levees and irrigated individually.
Insecticides were compared in five consecutive trials conducted from 1979 through 1980. The transplanting dates oftests 1 through 5 were, respectively: 7 November 1979; 28 November 1979; 24 December 1979; 9 January 1980; and 28 February 1980 . Each insecticide was applied three times during crop growth at 30 to 35 DT, 45 to 50 DT, and 60 to 65 DT. Sprays and granules were applied at Philippine recommended rates of 0.75 and 1.0 kg of AI/ha, respectively. Granules were hand broadcast into the paddy water, and sprays were applied with a knapsack sprayer calibrated to deliver 300 liters of water per ha.
Ten randomly selected hills were sampled in the center of each plot with a FARMCOp® suction device (Carino et al. 1979 ) 1 day before, and 2 days after each insecticide treatment. A final sample was taken 70 to 80 DT. Both N. /ugens adults and nymphs, as well as the predators Microvelia atrolineata (Bergoth), Cyrotorhinus lividipennis Reuter, Lycosa pseudoannu/ata Boes et Str., Tetragnatha sp., and Araneus sp., were counted. These predacious species were sampled because they are the most common in Asian rice fields and are considered to be most important in regulating populations of N. lugens (Heinrichs et al. 1979 , Chiu 1979 . Nilaparvata lugens (StaJ) has become a serious pest of lowland rice in South and Southeast Asia during the last decade (Dyck and Thomas 1979) . This pest damages the plant by direct feeding, called "hopperburn," and also transmits the viruses, grassy stunt, ragged stunt (Ling et al. 1978) , and wilted stunt (Chen et al. 1978) . Chemical control of N. lugens on nonresistant rice varieties is difficult, and some ineffective insecticides may cause resurgence, a significant population increase in treated compared with untreated fields (Anonymous 1977 (Anonymous -1979 . The causes of insecticide-induced resurgence are not completely known. Sublethal dosages of some insecticides increased the longevity, feeding activity, and fecundity of N. /ugens in the laboratory (Chelliah and Heinrichs 1980; Chelliah et aI., unpublished data 6 ) . Subsequent field tests also demonstrated increased oviposition in plots treated with an insecticide associated with an increase in resurgence and indicated that the amount of population increase is influenced by the method and timing of applications (Heinrichs et aI., in press ). In addition to directly affecting the insects' physiology, insecticides may also destroy natural enemies which help regulate pest populations in the field (Chiu 1979 , Kenmore 1980 .
Most of the insecticides commonly used on rice in Asia were evaluated in the field during this study to test their effectiveness in controlling N. /ugens and to identify those ineffective materials causing resurgence. Populations of important predators were also monitored in the test plots to compare the response of the different species to insecticides and to determine if resurgence was caused by the destruction of these natural enemies. (Heinrichs et al. 1979) in the untreated check during the later crop growth stages. Despite the severe hopperburn that occurred in some insecticide-treated plots, very little damage was observed in the untreated checks. The checks in tests 1, 2, and 3 had no hopperburn, whereas those in tests 4 and 5 had, respectively, 10 and 13% damaged hills.
Sixteen of the insecticide treatments were consid- Lugens because populations in plots treated with these insecticides were not significantly different than the check after the first application (Table 1) . Usually the percentage of hopperburn in these treatments was not significantly different from the check. However, in test 5, plots treated with dimethoate suffered more hopper burn than the check, and those treated with acephate had less damage than the check even though the populations of N. Lugenswere similar during the season in all three treatments. In contrast to the large differences among treatments in numbers of N. lugens, predator populations were relatively low throughout crop development and quite uniform in both insecticide-treated and check plots (Table 2) . Prey were generally abundant compared with the numbers of predators, particularly during mid-to late stages of crop development. BHC, monocrotophos, decamethrin, azinphos-methyl + MTMC, BPMC + dorpyrifos, and fen valerate consistently reduced numbers of spiders below those in untreated checks, but the effects of the other insecticides were usually insignificant. The average number of prey per spider was significantly reduced compared with the check after some applications of some of the materials controlling N. lugens, such as FMC 35001, ethylan, MTMC, endosulfan, and propoxur, indicating that those materials were more toxic to prey than to the spiders. Also. most of the insecticides did not significantly affect populations of M. atrolineata. Methyl parathion, monocrotophos, pyridaphenthion, cyanofenphos, carbaryl sprays, isazophos, and carbofuran granules apparently were slightly more toxic to M. atro/ineata than to N. lugens, since application of these materials usually caused a significant increase in the average number of prey per predator. C. /ividipennis were generally more sensitive to insecticides than the other predator species. Most insecticides significantly reduced populations of C. /ividipennis, and the prey-per-predator averages were usually larger than the check averages after application.
Discussion
A substantial number of insecticides commonly used on rice, including organophosphates, carbamates, and a synthetic pyrethroid, caused resurgence of N. lugens. The population increases observed in this study were probably not caused by the destruction of natural enemies, as suggested by other researchers (Chiu 1979 , Kiritani 1979 , Otake 1977 . .,.,.,., .,., .,.,.,.,., .,.,~~~t UtUC'Qi.oC'Qi caC'QiC'Qica«l.otUC':Scu \o'IOtI".l""1"-1l.t"lVNOO VVl.t"l\O'f""'IOMf'I")f'I") 0000""';0000 .,...i.,...i""';""';""';"";r--i"':N
